Abstract. There are only a few treatment options for constipation and limited evidence of suitable treatments. Daiokanzoto (DKT) is a Kampo medicine often used clincally to treat constipation. DKT is a laxative used predominantly in Japan; however, clinical data on its efficacy and safety is lacking. Patients who used DKT, but were intolerant to either magnesium oxide (MgO; MgO group; n=16) or senna extract (Senna group; n=26) were included in the present study. The frequencies of their bowel movements were compared during the 1 week prior to and following DKT administration. Within 24 hours after DKT administration, 93.8% of the patients in the MgO group evacuated their bowels. The median bowel movement frequency 1 week prior to DKT administration was 2.5 and 1 week after DKT administration was significantly increased to 7.5. In the Senna group, within 24 h of DKT administration, 80.8% of the patients evacuated their bowels. The median bowel movement frequency 1 week prior to the DKT treatment was 2.0, which significantly increased to 8.5 1 week after the administration of DKT. The adverse events from DKT treatment were mild and controllable.
Introduction
Constipation can contribute to health care costs and cause a decline in work productivity and the quality of life, as well as result in disability (1) . Therefore, an effective treatment for constipation is important; however, only a few treatment options exist for constipation and there is limited evidence of suitable treatments.
Daiokanzoto (DKT) is a Kampo medicine often used clinically to treat constipation. DKT is composed of rhubarb and glycyrrhiza. Sennoside A is the active ingredient in DKT responsible for its effects in constipation. However, DKT has demonstrated efficacy in patients with constipation who were intolerant to treatment with senna extract. According to the guidelines set by Lindberg et al (2) , senna extract is recommended for the treatment of constipation. Magnesium oxide (MgO) is commonly used as an osmotic laxative (3) . Senna extract and MgO are therefore used as first-line treatments in numerous cases of constipation; however, patients who were intolerant to these two common laxatives were encountered. Since there is limited information on other laxatives, it is difficult to effectively treat such patients. Therefore, the present study examined the laxative effects of DKT in patients intolerant to the first-line treatments.
Materials and methods
Background. The present study was approved by the Ogaki Civilian Hospital Ethics Committee and was performed at Ogaki Municipal Hospital (Ogaki, Japan) between 1st May 2012 and 30th April 2015. Patients who used DKT, but were intolerant to either MgO (MgO group) or senna extract (Senna group) were included in the present study. Patients were administered either MgO tablets or senna extract tablets for 1 week prior to the initiation of DKT treatment.
The present study retrospectively reviewed the following details of the patients from the electronic medical records: Age, height, weight, dose of DKT, concomitant medications and medical history. The increased total bilirubin (T-Bil) and blood urea nitrogen (BUN) levels were also recorded, as well as the serum levels of aspartate aminotransferase (AST), alanine transaminase (ALT), creatinine (Cre), Na, K and Cl. Other data that was deemed relevant was also recorded.
Comparison of the effects of DKT in the MgO and Senna groups. From the medical records of the patients, the present study obtained and compared the frequencies of their bowel movements during the 1 week prior to and following DKT administration.
Adverse events from DKT administration. The present study investigated the incidence of adverse events following treatment with DKT. The predominant adverse events were diarrhea and abdominal pain, which were evaluated using the Common Statistical analysis. Statistical analyses were performed using EZR software v1.26 (4) . The effects of DKT in the groups were compared using Wilcoxon signed-rank test at a significance level of 5%. Differences in the laboratory test results, 3 days and 1 week after DKT administration, were evaluated using the Friedman test. The significance level was also set at 5%.
Results

Background.
A total of 16 patients (11 male and 5 female) were enrolled into the MgO group and their median age was 71 years (interquartile range, 65-77 years). A total of 26 patients (14 male and 12 female) were enrolled in the Senna group and their Senna resistance group MgO resistance group In both the MgO and Senna groups, the last bowel movements were 3.5 (interquartile range, 2-6 days) and 4.0 days (interquartile range, 2-6 days), respectively, prior to DKT administration. Baseline characteristics of the patients are shown in Table I .
Effect of DKT in the MgO group.
Following the administration of DKT, 93.8% of patients in the MgO group evacuated their bowels within 24 h. The median bowel movement frequency 1 week prior to DKT administration was 2.5 (interquartile range, 1-3). However, 1 week after DKT administration, the frequency significantly (P<0.001) increased to 7.5 (interquartile range, 5-11), as shown in Fig. 1 .
Effect of DKT in the Senna group.
Following the administration of DKT, 80.8% of the patients in the Senna group evacuated their bowels within 24 h. The median bowel movement frequency 1 week prior to DKT treatment was 2.0 (interquartile range, 1-4), which significantly (P<0.001) increased to 8.5 (interquartile range, 7-14) 1 week after the administration of DKT (Fig. 2) .
Adverse events from DKT administration. In the Senna group, there were four cases of diarrhea (15.4%) and one case of abdominal pain (3.8%). Both adverse events were mild (Grade 1) in each group of patients. In the MgO group, no statistically significant differences were observed among the clinical laboratory data obtained prior to, 3 days and 1 week after DKT administration (Table II) . By contrast, in the Senna group, the differences among the levels of ALT prior to, 3 days and 1 week after DKT administration were statistically significant (P<0.05 for each pair compared) (Table III) . It was observed that ALT decreased with increasing duration following treatment with DKT.
Discussion
It is known that ~14% of the global adult population suffer from chronic constipation (5). In a previous systematic review, it was stated that chronic constipation lowers the quality of life (5). In addition, individuals with chronic constipation have an increased risk of developing colon cancer. The risk increases with an increasing degree of constipation (6) .
In a previous study, it was observed that preventing constipation improved multi-organ failure in critically ill patients (7) . Therefore, it is important that evidence of the clinical effects of the treatment of constipation are accumulated to improve the care of patients. Usually, clinical treatment of constipation with a single laxative is ineffective. DKT is a laxative predominantly used in Japan; however, clinical data on its efficacy and safety is lacking.
In the present study, DKT was considered beneficial in constipation refractory to MgO treatment. Although MgO is often prescribed for constipation, it is not effective in certain individuals, particularly elderly patients. MgO is an osmotic laxative; it is converted into magnesium carbonate in the intestine, which inhibits water reabsorption from the intestine. As a result, the volume of intestinal contents increases, which stimulates motility of the intestinal tract, thereby facilitating defecation. Elderly patients have reduced intestinal motility, which results in reduced bowel movements. Therefore, MgO has minimal efficacy in treating constipation in the elderly.
The mechanism by which sennoside A in DKT improves constipation is via enhanced peristalsis. A senna extract tablet contains 6.8 mg sennoside A. In the present study, two senna extract tablets (13.6 mg sennoside A) were administered to the patients. By contrast, one package of DKT contains 2.9 mg sennoside A. In the present study, patients were administered three packages of DKT (8.7 mg sennoside A). Although the administered DKT contained a lesser quantity of sennoside A, it was observed that DKT was more effective compared with the senna extract tablets, regarding the frequency of bowel movements.
The predominant components of rhubarb and glycyrrhiza are sennoside A and glycyrrhizin, respectively. Sennoside A is metabolically activated to rheinanthrone, which is responsible for the laxative action of sennoside A (8-10). Glycyrrhiza contains liquiritin, which has been reported to promote the metabolic activation sennoside A into rheinanthrone (11, 12) . In addition, Takayama et al (13) reported that rhein in Figure 1 . Number of bowel movements per week in the MgO group. The median bowel movement frequency 1 week prior to DKT administration was 2.5 (interquartile range, 1-3). However, 1 week after DKT administration, the frequency significantly (P<0.001) increased to 7.5 (interquartile range, 5-11). DKT, daiokanzoto. rhubarb promotes the metabolic activation sennoside A to rheinanthrone.
Although patients exhibited inadequate bowel movements after taking senna extract tablets, switching from the senna extract tablets to DKT was effective in relieving constipation. It was therefore hypothesized that reason for this was the presence of glycyrrhiza and rhubarb in the DKT.
The adverse events from DKT treatment were mild and controllable. Therefore, properly adjusting the doses of DKT according to patients' requirements may suitably reduce the occurrence of adverse events.
The results from the present study indicated that DKT may be a suitable second-line treatment for chronic constipation, particularly in elderly patients.
